Generally fatty liver disease (FLD) is attributed either to alcohol, diabetes mellitus, or obesity. To evaluate this commonly held clinical belief, a case-control study of FLD in Western Pennsylvania was conducted with 19 cases being identified over a two year period. Cases of FLD were significantly heavier and were significantly more likely than controls to have exposures to either agents with recognised animal hepatotoxicity (odds ratiolOR] co, p = 0O018) or to agents with potential hepatotoxicity-that is, documented in humans, animals, or expected on the basis of structure activity relations (OR = 4 5; p = 0-018). By contrast, they had not consumed significantly more alcohol than the controls. A logistic regression model of this experience suggests that both exposure to hepatotoxins and obesity are independent risk factors for FLD, which have an additive rather than a multiplicative interaction. Based upon these data, an occupational exposure to either recognised or potential hepatotoxins should be considered as a cause of liver dysfunction in subjects with FLD, independent of obesity and a history of alcohol consumption.
contrast, they had not consumed significantly more alcohol than the controls. A logistic regression model of this experience suggests that both exposure to hepatotoxins and obesity are independent risk factors for FLD, which have an additive rather than a multiplicative interaction. Based upon these data, an occupational exposure to either recognised or potential hepatotoxins should be considered as a cause of liver dysfunction in subjects with FLD, independent of obesity and a history of alcohol consumption. in the pathoaetiology of sporadic cases of fatty liver disease (FLD). This lack of association is surprising as the liver is an organ that is crucial for the detoxification and excretion of many xenobiotics and might reasonably be expected to show at least intermittent signs of injury when an employee has been exposed to a potentially hepatotoxic agent at either an acute large dose or, even more likely, if the exposure has been chronic. Short exposures to such agents may lead to reversible FLD changes such as those that occur with a single large dose of alcohol. 4 One model suggests that chronic low level exposures, as repeated insults, may in fact lead to greater long term damage than a single acute massive exposure. 5 The liver is known to have a surprisingly unique ability to regenerate, a process that actually contributes to cirrhosis particularly when the hepatic regeneration is intermittent and chronic. In clinical practice, liver injury tests as a group have a positive predictive value for the detection of chronic liver disease only in the range of 50 to 60%. 6 material safety data sheets (MSDS) were requested from their employers. The potential role of alcohol consumption in the pathogenesis of FLD was explored by characterising the alcohol consumption of the cases at three separate points in time: maximal use, currently, and at the time of any potential exposure to hepatotoxin. A range of consumption of beer, wine, and spirits at a sitting and a frequency of sittings were then obtained for each period, and an average quantity of alcohol use was determined. A final number for maximum, usual, and current alcohol consumption data was identified and coded to a quantity of alcohol in ounces a week by multiplying beer by 5%, wine by 11% and spirits by 40%. All laboratory studies in medical charts were reviewed for the presence of any evidence of liver injury in the controls. No effort was made to identify cases for the presence of microvesicular fat,"0 as all histopathology specimens were prepared with defatting alcohol concentrations that would eliminate such a possibility.
All exposures were first coded by MH to one offour categories and then by duration, intensity, frequency, and latency according to methods developed and reported elsewhere.'1 12 Agents were classified as known human hepatotoxins if liver disease had been attributed to such exposure convincingly in humans both in epidemiological studies and through recognised pathophysiological mechanisms. Agents were classified as animal hepatotoxins if they had been shown to have hepatotoxicity in at least two different strains of animals. The presence of case reports implicating hepatotoxicity in humans was not considered adequate evidence for hepatotoxicity. Agents were classified as potential hepatotoxins if they could be predicted on the basis oftheir structure to have hepatotoxic activity but had either never been studied or had not been convincingly documented as actually being a hepatotoxin. Finally, agents were classified as "other solvents" if they could not be further identified or had never been associated with hepatotoxicity; this classification was not used, however, as no solvents were coded to this class. For example, perchloroethylene, an agent well recognised to cause disease in humans, was considered to be a clear human hepatotoxin. Agents Three risk factors were defined. The first was morbid obesity, which was defined as a body mass index (BMI; weight (kg)/(height (m))2) greater than 30. The second was a maximal usual daily alcohol consumption over several months at some point in the past greater than 4 ounces a day. After review of the data few subjects had consumed quantities approaching this amount, and a second analysis was undertaken using a cut off quantity of one ounce a week. Finally, exposure to any hepatotoxins, either recognised or potential human or animal, was considered to be of interest. All statistical comparisons of matched groups were performed using paired (conditional) testing. A model was developed using logistic regression. Independent variables were selected if they were significantly different between cases and controls in preliminary univariate analyses.
The study was terminated prematurely because of concern over the introduction of selection bias into later cases. Specifically, we had been asked by the participating GI physicians to evaluate two patients (cases 20 and 21) and told that a biopsy would be done if an exposure history was positive. If no evidence of exposure was obtained by us, the referring physicians planned to observe the patients over a longer period. As a result, the present study was terminated, and we have pursued our orginal hypothesis using a completely different referral source and patient selection criteria that should avoid this particular bias. As the patients in the new study do not meet the same entry criteria, these subjects have been excluded from this report and are expected to be the basis of a separate publication.
Results
Nineteen consecutive cases of FLD were identified over a two year period. Table 1 methods section. Morbid obesity (BMI > 30) was present in six, with two more (BMI >29) almost meeting these criteria, for a total of 73%. An average regular alcohol consumption rate greater than 4 ounces a day at some time in the past was present in only one (5 2%) case. Working in the printing industry appeared to be a risk factor, as three cases but none of the controls worked in a job associated with the printing industry. Industrial quality assurance technicians were similarly at high risk, two through the use of halogenated hydrocarbon degreasers and one through chemically similar "coal floating" agents. A logistic regression model was developed to examine the relative influence of the two risk factors that were significantly different between cases and controls. Obesity and exposure to hepatotoxin were not mutually exclusive. None the less, they did not appear interrelated. An interaction term was developed for obesity and exposure to any hepatotoxin. Body mass index contributed significantly to the model (log likelihood ratio statistic = 4-182, p = 0-041), as did the variable exposure to any hepatotoxin (log likelihood ratio statistic = 4-163, p = 0-035). The addition of the interaction term or a term for sex did not contribute significantly to the model.
Discussion
Previous clinical studies and reviews of FLD have considered that this disease entity occurs in most cases as a consequence of obesity, diabetes mellitus, or alcohol abuse.7814 None of these studies either examined or even discussed the presence of exposure to hepatotoxic agents. Our study suggests that exposure to agents with potential hepatotoxicity may contribute to sporadic cases of FLD, even though the toxicity has not always been clearly documented in humans. It suggests that obesity may also play an important part in the development of sporadic FLD. Cases with FLD but without exposure to hepatotoxin had consumed more alcohol than the cases with hepatotoxin exposure, raising the question that low levels of alcohol consumption'5 may also contribute to the development of FLD. Diabetes mellitus was not identified as a major risk factor for FLD in this series. '6 This finding may be due to the small size of the current sample. Other explanations are plausible. As glucose intolerance often accompanies the metabolic derangement of FLD, clinically manifest diabetes in such cases may be a result rather than a cause oftheir liver disease or be associated with the same underlying pathophysiology that supports the development of FLD.
Several authors have suggested that FLD may result either from an interaction of both nonoccupational and occupational exposures'7 as well as from multiple non-occupational risk factors. '8 Studies attempting to address exposures on the basis of historical evidence are at a distinct disadvantage because of the difficulties experienced with defining the "dose." Non-occupational agents, such as ethanol, frequently induce microsomal enzymes and enhance the toxicity of agents such as acetaminophen. Many hepatotoxins are microsomal enzyme inducers'9 and not only produce direct toxic injury but also can potentiate the toxicity of other toxins. This study suggests that the presence of two independent risk factors leads to more FLD than does the presence of only one, although the enhancement appears to be a simple additive effect rather than a multiplicative one. We cannot exclude the possibility that the failure to find an interaction between risk factors might not be due to the sample size or even to the selection of a statistically inappropriate model.20
The current study does generate two important methodological concerns. Firstly, the number of cases is small. In this regard, it is important to recall that the study was terminated prematurely to prevent the introduction of bias, as a case-control study can only be as valid as the selection of its cases. We considered that a reasonably unbiased small group of cases was preferable to an inflated group of biased cases. As liver biopsies do not appear to be performed as frequently as in the past, despite the existence of substantial supporting publications, and because the number of cases recognised to have abnormal liver injury tests appeared to be decreasing, fewer cases became available for inclusion with increasing duration of the study. Small numbers of cases are known to contribute to statistically unstable estimates and to have a greater likelihod of probability errors. None the less, as the study confirmed a previous hypothesis, as all examined ORs were greater than 1 0, and as the study provided a biologically plausible result, it rejects the null hypothesis it was designed to test and awaits replication.
Secondly, the initial estimates of exposures were not coded blindly. Although this point may play a part in estimating intensity, frequency, or duration of exposure, the lack of blinding should not have led to a categorical overestimation of exposure frequency on our part. The second coding of exposure was in fact performed blindly and agreed with the initial coding. If controls are healthy and have no previous reason to suspect or remember exposures, recall bias on the part of cases may lead to a bias. As controls were selected with a disease in the same organ system, and were told that the study was attempting to identify occupational risk factors for gastrointestinal disease, the study design utilised should not have led to recall bias. Finally, there was no difference in the percentage of subjects coded as having exposure to the "other solvents" group, as might have been expected if investigator bias influenced the coding. The exposures of cases were obviously greater than those of controls and clustering in specific jobs with known risks did occur. Because of these findings, we believe that an exposure misclassification did not occur and the results should be considered valid.
We also considered alternative coding schemes based on metabolic pathways, such as cytochrome P450 or alcohol metabolism, rather than the classification used. Given the controversy over the involvement of one or another metabolic pathways in dichloromethane toxicity and the differences between animal and human metabolism in general, we chose not to pursue this particular strategy. In any case, several clusters of occupations were recognised to be at some increased risk for FLD. For example, three subjects worked in the printing industries. Exposure to halogenated hydrocarbons in degreasing procedures was a frequent activity. Neither of these two exposures was present among controls.
In summary, this study suggests that occupational exposures should be considered as a possible cause of FLD as well as the generally recognised factors of obesity and use of alcohol. When positive liver injury tests are seen, physicians should obtain an occupational history and determine the presence or absence ofexposure to animal or human hepatotoxins as well as consider the role of BMI and use of alcohol as relevant factors contributing to the FLD. If these are present, exposure modifications should be considered.
factors for fatty liver disease. 
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